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Abstract: Respiratory distress syndrome (RDS) is commonly diagnosed in preterm infants in neonatal 
intensive care units (NICUs) due to prematurity at birth resulting in surfactant deficiency. Mechanical 
ventilation (MV) is used to support breathing of infants with RDS. In this study, respiratory mechanics of 
10 invasively ventilated infants from Christchurch Women’s Hospital under standard care are compared 
with two lung mechanics models validated in adult MV patients. A single compartment model is compared 
with a parabolic basis function model with dynamic elastance (Edrs) used to capture patient-specific effort. 
This latter model applies parabolic and linear shapes to identify lung recruitment and distension. The model 
was fit to 25,657 breaths. The median [interquartile range (IQR)] of elastance from single compartment 
model (Elung) was 1.51[0.72 - 2.76] cmH2O/ml, and elastance from recruitment basis function (E1) was 
3.42[1.88 - 5.97] cmH2O/ml. Relative breath-to-breath variability (%ΔE) was also compared, with median 
IQR %ΔElung of 0.22 [-9.73 - 12.06] and %ΔE1 of -0.48[-9.28 - 10.34]. Elung is less sensitive than E1 to 
differences across infants where E1 was also less variable breath-to-breath. The parabolic model thus 
captured patient condition and the use of Edrs captured patient effort.  
Keywords: NICU, elastance, basis function, pulmonary mechanics, modeling, Mechanical Ventilation.  
 
1. INTRODUCTION 
Respiratory distress syndrome (RDS) is commonly diagnosed 
in premature infants in the neonatal intensive care unit (NICU) 
(Hendriks et al., 2018; Liggins and Howie, 1972; Sweet et al., 
2013). It is due to prematurity and resulting under-developed 
lungs and immature surfactant production (Jobe, 2009; Liggins 
and Howie, 1972; Sweet et al., 2013; Torday and Nielsen, 
1987). RDS is treated using mechanical ventilation (MV), 
which supports breathing and helps maintain adequate lung 
recruitment (Brown and DiBlasi, 2011; Liggins and Howie, 
1972; Sweet et al., 2013).  
Model-based methods allow identification of patient-specific 
respiratory mechanics, and can provide further insight into 
underlying conditions (Chiew et al., 2015, 2011; Kim et al., 
2019; Morton et al., 2019, 2018). The most basic model is a 
single compartment model (Bates, 2009) treating the lungs and 
airways as a single homogeneous volume with associated 
elastance and airway resistance. It is readily identifiable using 
data available at the bedside real time (Chiew et al., 2011; 
Szlavecz et al., 2014). In particular, elastance, (1/compliance), 
describes lung stiffness, which varies with applied positive 
end-expiratory pressure (PEEP) and condition. Previous work 
examined iterations of this single-compartment model to 
identify patient respiratory elastance in both adults and infants 
(Chiew et al., 2011; Kim et al., 2019; Sundaresan et al., 2011).   
This study compares two models validated in adults describing 
the contribution of elastance to pressure dynamics in different 
ways. The first treats elastance as constant across all pressures 
and volumes, and the second accounts for non-linear changes 
in apparent elastance with recruitment (Morton et al., 2019).  
In a prior study (Kim et al., 2019), the single compartment 
model successfully identified elastance in NICU patients. 
While the model fit clinical data very well, NICU patients are 
not fully sedated, and thus elastance varied widely breath-to-
breath as model-based elastance captures both lung tissue 
mechanics properties and patient inspiratory effort. This study 
is a first attempt at segregating lung mechanics and inspiratory 
effort, to better monitor the MV patient condition in the NICU.  
2. METHODS 
2.1 Patient data  
Airway pressure and flow data from 10 invasively 
mechanically ventilated neonates in Christchurch Women’s 
Hospital NICU was collected. Patients were recruited with 
informed parent consent to an observational, non-intervention 
study where MV pressure-flow data was recorded for up to 24 
hours of standard care. Ethics was granted by the NZ Northern 
B Health and Disability Ethics Committee (ref: 16/NTB/16). 
Patients were treated under standard care, and MV modes and 
settings were clinically set. Patients received conventional 
ventilation (CV) or high frequency oscillatory ventilation 
(HFOV) modes on a SLE 5000 Neonatal ventilator (SLE, UK). 
Most patients received patient triggered ventilation (PTV), but 
some were treated with multiple modes. Patient 1, who only 
received HFOV, was excluded from this analysis as HFOV 
exhibits very different dynamics with different time constants 
and unable to capture respiratory mechanic with same method. 
Table 1 gives the demographic data.  
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respiratory mechanics, and can provide further insight into 
underlying conditions (Chiew et al., 2015, 2011; Kim et al., 
2019; Morton et al., 2019, 2018). The most basic model is a 
single compartment model (Bates, 2009) treating the lungs and 
airways as a single homogeneous volume with associated 
elastance and airway resistance. It is readily identifiable using 
data available at the bedside real time (Chiew et al., 2011; 
Szlavecz et al., 2014). In particular, elastance, (1/compliance), 
describes lung stiffness, which varies with applied positive 
end-expiratory pressure (PEEP) and condition. Previous work 
examined iterations of this single-compartment model to 
identify patient respiratory elastance in both adults and infants 
(Chiew et al., 2011; Kim et al., 2019; Sundaresan et al., 2011).   
This study compares two models validated in adults describing 
the contribution of elastance to pressure dynamics in different 
ways. The first treats elastance as constant across all pressures 
and volumes, and the second accounts for non-linear changes 
in apparent elastance with recruitment (Morton et al., 2019).  
In a prior study (Kim et al., 2019), the single compartment 
model successfully identified elastance in NICU patients. 
While the model fit clinical data very well, NICU patients are 
not fully sedated, and thus elastance varied widely breath-to-
breath as model-based elastance captures both lung tissue 
mechanics properties and patient inspiratory effort. This study 
is a first attempt at segregating lung mechanics and inspiratory 
effort, to better monitor the MV patient condition in the NICU.  
2. METHODS 
2.1 Patient data  
Airway pressure and flow data from 10 invasively 
mechanically ventilated neonates in Christchurch Women’s 
Hospital NICU was collected. Patients were recruited with 
informed parent consent to an observational, non-intervention 
study where MV pressure-flow data was recorded for up to 24 
hours of standard care. Ethics was granted by the NZ Northern 
B H alth and Disability Ethics Committ e (ref: 16/NTB/16). 
Patients were treated under standard care, and MV modes and 
settings were clinically set. Patients received conventional 
ventilation (CV) or high frequency oscillatory ventilation 
(HFOV) modes on a SLE 5000 Neonatal ventilator (SLE, UK). 
Most patients received patient triggered ventilation (PTV), but 
some were treated with multiple modes. Patient 1, who only 
received HFOV, was excluded from this analysis as HFOV 
exhibits very different dynamics with different time constants 
and unable to capture respiratory mechanic with same method. 
Table 1 gives the demographic data.  
 
Copyright © 2020 The Authors. This is an open access article under the CC BY-NC-ND license  
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Table 1: Demographic data  
 
MV was recorded at 125 Hz using software (MediCollector, 
USA) on a laptop computer connected to a Philips MP70 
bedside monitor and Vuelink M1032A (Philips Healthcare, 
USA) connected to a SLE5000 ventilator (SLE, UK). The first 
15 minutes of data for each of the first 4 hours is used.  
A positive inflow with positive increase in pressure is 
identified as inspiration and negative flow with pressure 
decrease is expiration (Kim et al., 2019). Breaths were 
excluded if inspiration was shorter than 0.1 sec, as it typically 
indicates asynchrony in this mode. 
2.2 Linear Single Compartment Model  
The linear single compartment model with term to compensate 
for pressure loss across the endotracheal tube: 
 𝑃𝑃𝑎𝑎𝑎𝑎 =  𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑉𝑉 + 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑄𝑄 + 𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃 + ∆𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸  (1) 
Where V and Q are clinical inputs of volume [ml] and flow 
[ml/s]. Paw is the resulting airway pressure [cmH2O]. The 
constants Elung [cmH2O/ml]  and Rlung [cmH2O.s/ml] describe 
elastance, airway resistance, and ΔPETT is the pressure loss 
across the ETT per Jarreau’s equation (Jarreau et al., 1999).  
2.3 Non-Linear Single Compartment Model  
The second model is modified from Eq (1) using basis 
functions to describe recruitment (Φ1) and distension (Φ2). 
Recruitment and distension basis functions has been used 
previously adult critical care models (Morton et al., 2019). The 
basis function shapes are shown in Fig. 1 and defined over a 
volume range of 0-14 ml and pressure ranges 0-60 cmH2O, 
which covers all likely NICU MV ranges.  
 
Fig. 1. Recruitment and distension basis function shapes. 
Both basis functions are dimensionless.  
The recruitment basis function, Φ1 captures the decreasing rate 
of recruitment alveoli based on positive volume delivered and 
is a piecewise function defined: 
 Φ1 = (max(V-Vm,0))2 (2) 
Where Vm is the upper limit of 14ml. The distension basis 
function, Φ2 captures the lung distension and is defined: 
 Φ2 = Paw/60 (3) 
The pressure loss across endotracheal tube (ETT), ΔPETT is 
defined from Jarreau’s equation. This term in important in 
NICU context, as the small ETT tube diameter contributes the 
largest resistance to patient breathing. In many cases, most of 
the resistance gets absorbed into the ΔPETT, giving near zero 
value Rlung.  
Combining the two basis functions with Equation (1) and 
lumping the resistance term with ΔPETT results in: 
 𝑃𝑃𝑏𝑏𝑎𝑎𝑏𝑏𝑏𝑏𝑏𝑏 =  𝐸𝐸1𝑉𝑉Φ1 + 𝐸𝐸2𝑉𝑉Φ2 + 𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃 + ∆𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸  (4) 
However, the neonates are ventilated at low PEEP settings (< 
6 cmH2O), which is not typically changed. (Morton et al., 
2019) showed distension elastance was only identified at 
higher PEEP levels. Therefore, it can be assumed these infants 
would have minimal or no distension (E2 = 0), yielding: 
 𝑃𝑃𝑏𝑏𝑎𝑎𝑏𝑏𝑏𝑏𝑏𝑏 =  𝐸𝐸1𝑉𝑉Φ1 + 𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃 + ∆𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸  (5) 
Ideally, Equations 2 and 3 capture all patient underlying tissue 
mechanics. Patient inspiratory effort is captured using a time-
varying elastance or dynamic lung elastance term, Edrs(t). 
Edrs(t) is derived from a similar time-varying elastance model 
used adults (Chiew et al., 2015), and has been used to capture 
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patient effort in spontaneous breathing patients (Chiew et al., 
2015; Kim et al., 2017). Edrs(t) is defined:  
 





Edrs(t) is applied after E1 is identified from Equation (5), and 
is intended to capture remaining patient inspiratory effort, 
previously described as a negative elastance (Chiew et al., 
2015; Kim et al., 2017). An estimate of patient effort is found 
taking the Edrs(t), separating it into positive and negative 
parts, and taking the area under the curve (AUC) for each.  
For easier comparison between identified elastance values for 
the two models, the percentage difference (%ΔE) is used. This 
percentage breath-to-breath difference is the difference 
between current breath and the next breath, defined: 
 






A total of 25,647 breaths were used to fit Elung using Model 1 
and non-linear Model 2, compromising a total of 9 hours of 
CV. Median and interquartile range (IQR) Elung, E1, negative 
and positive AUCEdrs values are shown in Table 2. 
Fig. 2 shows boxplot of Elung from Model 1 and E1 from Model 
2, and a second boxplot of %ΔE for Elung and E1. The median 
[interquartile range (IQR)] for Elung is 1.51 [0.72 – 2.76] 
cmH2O/ml, E1 is 3.42[1.88 - 5.97] cmH2O/ml. The median 
IQR of %ΔE is 0.22 [-9.73 - 12.06] for Elung and -0.48[-9.28 - 
10.34] for E1. 
Figure 3 shows a plot of typical breath of pressure with 
elastance fits from both models, flow, and Edrs(t). It can be 
seen the fit to measured data for Model 1 and Model 2 (without 
Edrs) are similar. Model fit for Model 2 including Edrs is 
perfect, as expected. Figure 3 shows a typical case where Edrs 
describes patient effort as negative elastance at the start of 
inspiration before settling to 0.  
Fig 4, shows boxplot of positive and negative AUCEdrs. The 
overall median IQR negative elastance was -0.33 [-0.41 - -
0.25] cmH2O/ml and positive elastance was 0.02 [0.00 - 0.07] 
cmH2O/ml. As seen from Table 2, Patient 10 had largest 
patient effort with median IQR of negative AUCEdrs of 0.39 
[-0.49 - -0.33] cmH2O/ml and Patient 9 had the lowest patient 
effort with -0.21 [-0.29 - -0.13] cmH2O/ml.  
Patient 7 had highest breath-to-breath E1 correlation of 
determination (R2 = 0.73). Fig. 5 shows breath-to-breath 
elastasnce values for Elung, and E1 with examples of 10 
consecutive ‘good’, ‘typical’ and ‘variable’ breath sequences. 
The good breaths have lower variability and stay relatively 
close to the one-to-one line. The typical breaths have slightly 
larger variability and variable breaths exhibit significantly 
larger variability. This trend can be seen in both Elung and E1.  
 
 
Fig. 2 Boxplot of model fit elastance values and %ΔE values 
(note unphysiological values are removed where E <=0) 
 
 
Fig. 3 Example of model fits and Edrs(t) for a typical breath. 
 
Fig. 4 Boxplot of AUCEdrs 
Table 2. Model identified parameters – Elastance, %ΔE, AUCEdrs, and Number of un-physiological model fits 
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Fig. 5. Scatter plot of Patient 7’s breath-to-breath elastance with example of good, typical and bad breaths and their relative 
position on scatter plot. 
 
The breath-to-breath relationship of Elung had correlation of 
determination R2 = 0.29. This value is much lower than for E1 
of Model 2 which was R2=0.73. The much lower correlation 
indicates the impact of outliers, and potential bias not visible 
with all the points. 
4. DISCUSSION 
4.1 Main results  
The breath-to-breath elastance of Elung, and E1 showed overall 
good consistency in model. Fig 3 showed Models 1 and 2 
(without Edrs) had near similar fits, a first step towards 
validation of the use of Model 2. As the Edrs term absorbed 
the remainder of pressure variation with volume after E1 the 
Model 2 had a perfect fit. 
The Edrs parameter typically was only in effect during the first 
10% of a breath, where patient effort is greatest. The negative 
start and typical rise to zero is expected from diminishing 
patient effort as the lung fills. Thus, the shape and nature of 
Edrs as used here is capturing a surrogate of physiological, 
patient-specific and breath-specific inspiratory effort.  
Elung had much lower elastance IQR range (75th-25th) compared 
to E1 with 2.04 and 4.09 cmH2O/ml respectively, as seen in Fig 
2 as Elung is narrower. However, the percentage breath-to-
 Kyeong Tae Kim  et al. / IFAC PapersOnLine 53-2 (2020) 16185–16190 16189
 
 




Fig. 5. Scatter plot of Patient 7’s breath-to-breath elastance with example of good, typical and bad breaths and their relative 
position on scatter plot. 
 
The breath-to-breath relationship of Elung had correlation of 
determination R2 = 0.29. This value is much lower than for E1 
of Model 2 which was R2=0.73. The much lower correlation 
indicates the impact of outliers, and potential bias not visible 
with all the points. 
4. DISCUSSION 
4.1 Main results  
The breath-to-breath elastance of Elung, and E1 showed overall 
good consistency in model. Fig 3 showed Models 1 and 2 
(without Edrs) had near similar fits, a first step towards 
validation of the use of Model 2. As the Edrs term absorbed 
the remainder of pressure variation with volume after E1 the 
Model 2 had a perfect fit. 
The Edrs parameter typically was only in effect during the first 
10% of a breath, where patient effort is greatest. The negative 
start and typical rise to zero is expected from diminishing 
patient effort as the lung fills. Thus, the shape and nature of 
Edrs as used here is capturing a surrogate of physiological, 
patient-specific and breath-specific inspiratory effort.  
Elung had much lower elastance IQR range (75th-25th) compared 
to E1 with 2.04 and 4.09 cmH2O/ml respectively, as seen in Fig 
2 as Elung is narrower. However, the percentage breath-to-
 
 
     
 
breath difference in elastance (%ΔE) for E1 is smaller than Elung 
with IQR range 19.62 and 21.79%, which is again shown in 
Fig 2 as %ΔE1 is narrower than %ΔElung.  More importantly, 
the larger range for E1 does not indicate a poorer model. 
Narrower patient-specific box plots (not shown) indicate it 
provides better resolution between different patients. 
Fig 5 showed breath-to-breath elastance scatter with ‘good’, 
‘typical’, and ‘variable’ breaths. For good breaths, both Elung 
and E1 were less variable (shown by its distance from one-to-
one line). The typical breath were more variable and ‘variable’ 
breaths showed significant variability. It should be noted a 
‘typical’ breath for E1 stayed closer to the one-to-one line 
whereas Elung jumped significantly. The ‘variable’ breath with 
large asynchrony and variable breath exhibited significant 
breath-to-breath jump. The %ΔElung for this portion is 
significantly higher than %Δ E1. These results shows that Elung 
has higher breath-to-breath difference compared to E1 and is 
validated by narrower IQR of %ΔE.  
The time-varying elastance is the sum of chest, lung and 
demand elastances (Chiew et al., 2015). The basis functions of 
Model 2, Eq (4) incorporate recruitment (lung) and distension 
(chest) (Morton et al., 2019), and in sum, may include the chest 
wall’s constant contribution. The residual is absorbed into 
time-varying Edrs, and assumed to be largely patient 
inspiratory effort (demand). In Fig. 3, the Edrs curve is only 
active during the early part of inspiration and settles to zero. 
This result validates the overall assumption Edrs is capturing 
patient demand elastance (patient effort) in the modelling 
framework used.  
The negative and positive AUCEdrs across the patients were 
relatively similar with overall median IQR of -0.33 [-0.41 - -
0.25] cmH2O/ml for negative and 0.02[0.00-0.07] cmH2O/ml 
for positive. Patient 9 had the lowest median IQR of negative 
AUCEdrs with -0.21 [-0.29 - -0.13] cmH2O/ml and highest 
was Patient 10 with -0.39[-0.49 - -0.33] cmH2O/ml.  
The negative AUCEdrs were calculated based on negative 
Edrs portion at the start of inspiration. This negative portion 
equates to patient effort where pressure drops below set PEEP 
as the patient is breathing with the ventilator. The positive 
AUCEdrs calculated are large positive Edrs values occurring 
after the negative part (as seen in Fig 3).  
The distension basis function in Eq (4) was set to zero and thus 
removed. The distension basis function is determined by 
capturing the increasing in elastance with pressure (Morton et 
al., 2019). However, unlike the adult data set, the infant data 
set does not increase in PEEP. Both Elung and E1 varies 
throughout the data but PEEP maintains its level. Therefore the 
distension elastance E2 was set to 0.  
Table 2 shows number of bad model fits in Elung and E1. Elung 
had 292 breaths (1.14%) with model fit of 0 and E1 had 330 
breaths (1.29%) with model fit of 0. Patient 3 had the highest 
number of bad fits. Patient 3 was only patient to be on 
synchronized intermittent mechanical ventilation (SIMV) 
mode whereas other patients were on PTV. Fig 6 shows two 
examples of breaths that results in bad model fit.  
Fig 6 shows four examples of bad breaths which results in poor 
model fit (E = 0) where pressure profiles are on top and the 
corresponding flow on the bottom. The flow profile in 6a and 
6b shows cases where there is flow but no pressure. Both 6a 
and 6b have clear increase in flow and decrease in flow but no 
pressure increase. 6c and 6d shows bad flow profiles resulting 
in poor model fit. Both 6c and 6d shows variable and 
inconsistent flow delivered. Breaths shown in Fig 6, are not 
ideal breaths for the assumed model dynamics and occurs 
throughout the dataset as seen in Table 2 by the number of 
breaths with poor model fit.  
The infants in this study are not sedated and therefore their 
elastance is varied breath-to-breath. E1 was able to capture 
this breath-to-breath variability better than Elung as seen in 
 
                   (a)                                     (b) 
 
                      (c)                                     (d) 
 
Fig. 6. Example of bad breaths that results in bad model fit  
(E = 0). 
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Table 2 and Fig 2. Given this and that Model 2 applies a Edrs 
to capture patient-specific and breath-specific effort, Model 2 
is a reasonable model for NICU patients. Further work will 
be required to quantify patient-effort and asynchrony.  
 
4.2. Limitations 
This study is limited by the small number of patients (N = 9), 
but the number of breath used was large (25,647 breaths). 
Therefore the results are validated by the large number of 
breaths used.  
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6. CONCLUSIONS 
Two well-validated lung mechanics models were used to fit 
breath-to-breath elastances, Elung, and E1 in a NICU infant 
cohort. Model 1 has been assessed in past, but Model 2, a 
nonlinear model, had very good fit and captured the respiratory 
mechanics well, particularly providing an estimate of patient-
specific spontaneous breathing effort. The basis function used 
thus captured expected trends overall, with Edrs capturing 
time-varying and breath-varying patient-specific effort.  
 
REFERENCES 
Bates, J.H.T., 2009. Pulmonary mechanics: A system 
identification perspective. Proc. 31st Annu. Int. Conf. 
IEEE Eng. Med. Biol. Soc. Eng. Futur. Biomed. EMBC 
2009 170–172. 
Brown, M.K., DiBlasi, R.M., 2011. Mechanical Ventilation 
of the Premature Neonate. Respir. Care 56, 1298–1313. 
Chiew, Y.S., Chase, J.G., Shaw, G.M., Sundaresan, A., 
Desaive, T., 2011. Model-based PEEP optimisation in 
mechanical ventilation. Biomed. Eng. Online 10, 111. 
Chiew, Y.S., Pretty, C., Docherty, P.D., Lambermont, B., 
Shaw, G.M., Desaive, T., Chase, J.G., 2015. Time-
varying respiratory system elastance: A physiological 
model for patients who are spontaneously breathing. 
PLoS One 10, 1–13. 
Hendriks, G., Stephenson, R., Yajamanyam, P.K., 2018. 
Current practice in early management of neonatal 
respiratory distress syndrome: Is it evidence-based? 
Arch. Dis. Child. Fetal Neonatal Ed. 103, F190–F191. 
Jarreau, P.H., Louis, B., Dassieu, G., Desfrere, L., Blanchard, 
P.W., Moriette, G., Isabey, D., Harf, A., 1999. 
Estimation of inspiratory pressure drop in neonatal and 
pediatric endotracheal tubes. J. Appl. Physiol. 87, 36–
46. 
Jobe, A.H., 2009. Lung Recruitment for Ventilation: Does It 
Work, and is It Safe? J. Pediatr. 154, 635–636. 
Kim, K.T., Knopp, J., Dixon, B., Chase, G., 2019. 
Quantifying neonatal pulmonary mechanics in 
mechanical ventilation. Biomed. Signal Process. 
Control 52, 206–217. 
Kim, K.T., Redmond, D.P., Morton, S.E., Howe, S.L., 
Chiew, Y.S., Chase, J.G., 2017. Quantifying patient 
effort in spontaneously breathing patient using negative 
component of dynamic Elastance. IFAC-PapersOnLine 
50, 5486–5491. 
Liggins, G.C., Howie, R.N., 1972. A controlled trial of 
antepartum glucocorticoid treatment for prevention of 
the respiratory distress syndrome in premature infants. 
Pediatrics 50, 515–525. 
Morton, S.E., Dickson, J., Chase, J.G., Docherty, P., Desaive, 
T., Howe, S.L., Shaw, G.M., Tawhai, M., 2018. A 
virtual patient model for mechanical ventilation. 
Comput. Methods Programs Biomed. 165, 77–87. 
Morton, S.E., Knopp, J.L., Chase, J.G., Möller, K., Docherty, 
P., Shaw, G.M., Tawhai, M., 2019. Predictive Virtual 
Patient Modelling of Mechanical Ventilation: Impact of 
Recruitment Function. Ann. Biomed. Eng. 
Sundaresan, A., Chase, J.G., Shaw, G.M., Chiew, Y.S., 
Desaive, T., 2011. Model-based optimal PEEP in 
mechanically ventilated ARDS patients in the Intensive 
Care Unit. Biomed. Eng. Online 10, 64. 
Sweet, D.G., Carnielli, V., Greisen, G., Hallman, M., Ozek, 
E., Plavka, R., Saugstad, O.D., Simeoni, U., Speer, 
C.P., Vento, M., Halliday, H.L., 2013. European 
consensus guidelines on the management of neonatal 
respiratory distress syndrome in preterm infants-2013 
update. Neonatology 103, 353–368. 
Szlavecz, A., Chiew, Y.S., Redmond, D., Beatson, A., 
Glassenbury, D., Corbett, S., Major, V., Pretty, C., 
Shaw, G.M., Benyo, B., Desaive, T., Chase, J.G., 2014. 
The Clinical Utilisation of Respiratory Elastance 
Software (CURE Soft): a bedside software for real-time 
respiratory mechanics monitoring and mechanical 
ventilation management. Biomed. Eng. Online 13, 140. 
Torday, J.S., Nielsen, H.C., 1987. The sex difference in fetal 
lung surfactant production. Exp. Lung Res. 12, 1–19. 
 
 
